In the present paper, nanocrystalline lead sulphide (PbS) thin films were prepared by a chemical bath deposition (CBD) technique onto glass substrates using the mixed aqueous solutions of lead acetate, thiourea and ammonia. The structure of the films was studied by X-ray diffraction.
Introduction
Recent studies on nanocrystalline semiconductors have attracted much interest in their synthesis, characterization and fabrication of possible devices [1] . Most studied nanocrystalline semiconductors belong to the II-VI and IV-VI groups as they are relatively easy to synthesize and are generally prepared as particles or in thin film form [2] . When the dimensions of the films are comparable with some characteristic length such as the electron mean free path or the de Broglie wavelength of the electron, the physical properties start to become functions of the film size [3] . The electronic and optical properties of semiconductor materials can be changed by changing their size and shapes [4] . Nanocrystalline materials exhibit increased strength, hardness, enhanced diffusivity, improved quality, roughness, reduced elastic modulus, higher
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thermal expansion coefficient, lower thermal conductivity and superior soft magnetic properties to the conventional bulk materials [5] . Lead sulphide (PbS) is an important direct narrow gap semiconductor material with an approximate energy band gap of 0.4 eV at 300K [6] [7] [8] . This band gap is very suitable for infrared detection applications and can be enhanced by decreasing the size of the crystallites [9, 10] . Such a significant widening of the band gap is associated with small effective mass of electrons and holes (me=mh=0.09 mo) as well as with a relatively large exciton Bohr radius (20 nm) of PbS [11] . PbS thin films can be obtained by several methods such as electrodeposition, spray pyrolysis, photoaccelerated chemical deposition, microwave heating and chemical bath deposition (CBD). Among these methods, chemical bath deposition is just one of the more utilized due to its low cost, the quality of the films and convenience for large area deposition [4] . By CBD method, the dimensions of the crystallites can be controlled by varying the deposition parameters: reaction time, temperature, pH, and presence of impurities in the solution [3, 12] . In this paper, the effect of temperature and deposition time on structural properties and optical properties of nanocrystalline PbS films using CBD method has been reported.
Experimental Detail Synthesis
For preparation of nanocrystalline PbS thin films, aqueous solutions of lead acetate (Pb(CH3COO)2.2H2O) and thiourea (CS(NH2)2) were used as sources of (Pb 2+ ) cation and (S 2-) anion respectively. In the beginning, 20 ml of lead acetate was taken in a beaker, ammonia solution (NH4OH) was used to provide an alkaline medium needed for maximum growth. Optical properties
Transmittance
The optical properties of PbS nanocrystalline thin films are determined from absorbance measurements in the range of 300-1100 nm at normal incidence. 
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The increase in temperature from (30 to 50°C) results in an increase in PbS thickness, which is directly observed from the decreasing of optical transmission spectra. The transmittance of the films in the visible region was low. Also, we observe steep optical absorption feature, which indicates a relatively better crystallinity and lower defects density near the band edge. This feature makes these films a good material for optoelectronic devices such P-type for solar cells application.
Absorption coefficient and optical band gap
The study of optical absorption is important in understanding the behavior of semiconductor nanocrystals. Absorption coefficient associated with the strong absorption region of the films was calculated from absorbance (A) and the film thickness (t) using the relation [14] : The fundamental absorption, which corresponds to the transition from valence band to conduction band, can be used to determine the band gap of the material. The relation between (α) and the incident photon energy (hν) can be written as [15] (αhν) = k (hν -Eg) n ………… (7)
Where k is a constant and n is the number which characterizes the optical processes n=1/2 for ). The X-ray diffraction pattern show that nanocrystalline PbS thin film is polycrystalline with a cubic structure. The deposited films have good adherent to the substrates with various crystallite sizes. The band gap energy was decreased as the deposition temperature increases. The obtain nanocrystalline PbS thin films may be used in optoelectronic device such as absorber layer in solar cells.
